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PACS numbers: 74. 25 .Jb, 74.70.Xa, 79.60.-i ARPES measures the energy (E) and momentum (k) dependent spectral function A(E, k) multiplied by a transition matrix element, the Fermi function, and a resolution function [1] . According to Mahan [2] the spectral function is given by
where k is the bare particle energy, Σ(E, k) is the real part and Σ(E, k) is the imaginary part of the selfenergy.
For a weakly correlated electron liquid, i.e., when Σ(E, k) is much smaller compared to the binding energy, the maxima of the spectral function (the dispersion) are determined by the equation
In the case when Σ(E, k) = −λE as in a Fermi liquid close to the chemical potential and when Σ(E, k) is independent of the momentum, the dispersion follows E = k /(1 + λ). Introducing Z = 1/(1 + λ) = m/m * , defines the renormalization constant Z, which is a measure of the the coherent fraction of the spectral function relative to the total spectral weight. This relation also determines the mass enhancement of the quasi-particles m * /m. With increasing coupling constant λ or with increasing effective mass enhancement the maximum of the spectral function is shifted to lower binding energy.
To determine the coherent part of the self-energy in weakly interacting systems, the bare particle energy is replaced by v k k where v k is the bare particle dispersion. In this way the spectral function at constant energy (which is called a momentum distribution curve MDC) is a Lorentzian and the maximum of this Lorentzian determines the renormalized dispersion * = /(1 + λ). The full width at half maximum W multiplied by the bare particle velocity determines the life time broadening or the scattering rate Γ = 2 Σ. This type of evaluation is strictly applicable only for weakly correlated systems and a linear bare particle dispersion. There are, however, numerous examples in the literature where this method was also applied for highly correlated materials and a non-linear dispersion.
In a second common evaluation method the MDCs are fitted by Lorentzians and Γ(E) is derived by multiplying the width in momentum space with the renormalized velocity. We will show below that also this evaluation method is exact only in particular cases.
In this section we develop a new method for the evaluation of the imaginary part of the self-energy for highly correlated systems and a non-linear dispersion. Furthermore we discuss the errors which may appear when the traditional methods are used. We propose to evaluate the measured spectrum by performing a two-dimensional fit using Eq (1). The fit parameters are the values of the imaginary part of the self-energy for the values of the binding energy used in the experiment and the renormalized dispersion as a function of energy E, approximated by a polynomial. The latter approximation is only useful for dispersions without kinks. In case of dispersions with kinks, a more complicated description of the dispersion is needed. Using the new method one can derive Σ also for highly correlated systems in which the spectral weight can no longer be separated into a coherent and an incoherent part. Moreover the method can also be applied for data in which a non-linear dispersion is detected. Fur- thermore this method can avoid the use of the not well defined bare particle dispersion, which is usually taken from DFT calculations.
First we test the method using a calculated spectrum, using the self-energy function from a "marginal" Fermi liquid in which the coherent part of the spectral weight approaches zero (Z = 0), a concept originally devised to phenomenologically describe the normal state of the cuprate superconductors. One assumes that the scattering rates at low energy are much higher compared to a normal Fermi liquid due to strong correlation effects and/or nesting. The self-energy is given by [3] 
where u = max(|E|, kT ), kT is the thermal energy, λ M F is a coupling constant, and E c is an ultraviolet cutoff energy. At low temperatures the imaginary part of the self-energy is linear in energy. The Σ is no longer linear in energy as in a Fermi liquid and one has to solve Eq. (2) numerically to derive the dispersion. In the calculations we use the very high coupling constant λ M F = 1.4 corresponding to a slope β = 2.2 of Σ(E) vs. E. The high coupling constant was used to demonstrate the difference between the new evaluation method and the standard evaluation method using the Lorentzian width and multiplying it with the renormalized velocity. In the calculation we also used a parabolic bare particle dispersion and a cutoff energy of E c = 1.5 eV. The calculated spectral function together with the dispersion derived from Eq. (2) and a dispersion derived from MDC fits with Lorentzians is shown in Fig. 1(a) .
As shown previously [4] for these high λ values the renormalized dispersion at low energies is no longer parabolic due to the logarithmic term in Eq. (3). The spectral function derived from a 2D fit to the calculated spectral function is shown in Fig. 1(b) . The difference between the calculated and the fitted spectral function is shown in Fig. 1(c) .
As shown in Fig. 2 for various binding energies the MDCs of the calculated spectral function are no more a sum of two Lorentzians. Rather an asymmetric distribution determines the MDCs. An expansion of the dispersion about the k M , the momentum at which the spectral function has a maximum, into a Taylor series and using a parabolic renormalized dispersion yields that the asymmetry is only zero when the renormalized velocity v * is much bigger than m * W 4 . In addition one needs β values which are much smaller than one to obtain a Lorentzian. Details of the new method will be published in a forthcoming publication. The derived deviations from a Lorentzian indicate that the standard evaluation of the lifetime broadening is not exactly working for data with a non-linear dispersion and/or with a slope of Σ which is not much smaller than one.
In Fig 3 we show Σ(E) calculated from Eq. (2), derived from the 2D fit, and derived from a fit of the MDCs by Lorentzians. While the 2D fit perfectly agrees with the calculated values, there is a difference of up to 17 % to the values derived from the fit with Lorentzians. The difference is reduced with increasing effective mass and decreasing coupling constant.
Next we illustrate the new method by showing the detailed evaluation of real ARPES data. We select the spectral function of the inner hole pocket of K x Ba 1−x Fe 2 As 2 x = 0.4 shown in Fig. 1 of the main paper. In Fig. 4 we show the analogous data as in Fig. 1 . In real ARPES data the amplitude of the spectral function is no more constant. Thus we have introduced an energy depending decrease of the amplitude in the fit, described by two fit parameters. Furthermore we have taken into account a k-independent background which slightly increases with increasing energy.
The fitted spectral function [see Experimental evidence for the importance of Hund's exchange interaction for the incoherence of the charge carriers in iron-based superconductors Angle-resolved photoemission spectroscopy (ARPES) is used to study the scattering rates of charge carriers from the hole pockets near Γ in the iron-based high-Tc hole doped superconductors KxBa1−xFe2As2 x = 0.4 and KxEu1−xFe2As2 x = 0.55 and the electron doped compound Ba(Fe1−xCox)2As2 x = 0.075. The scattering rate for any given band is found to depend linearly on energy, indicating a non-Fermi liquid regime. The scattering rates in the hole-doped compound are considerably larger than those in the electron-doped compounds. In the hole-doped systems the scattering rate of the charge carriers of the inner hole pocket is about three times bigger than the binding energy indicating that the spectral weight is heavily incoherent. The strength of the scattering rates and the difference between electron and hole doped compounds signals the importance of Hund's exchange coupling for correlation effects in these iron-based high-Tc superconductors. The experimental results are in qualitative agreement with theoretical calculations in the framework of combined density functional dynamical mean-field theory. Introduction. Originally iron-based superconductors (FeSC) [1] were believed to exhibit only moderate electronic Coulomb correlations because X-ray absorption data derived an on-site Coulomb interaction U of less than 2 eV [2, 3] . More recent theoretical work [4] [5] [6] [7] [8] [9] however emphasized that in contrast to the cuprates, where the correlation effects are dominated by U , in the FeSCs -because of their intrinsically multiorbital characterthere is another factor to consider: the Hund exchange interaction J H .
ARPES is a suitable method to obtain information on the strength of correlation effects since it delivers the energy (E) and momentum (k) dependent self-energy function Σ(E, k) from which one can derive the mass enhancement and the scattering rate of the charge carriers due to many-body effects [10] [11] .
There are numerous experimental studies on the mass enhancement in FeSCs using various methods which apparently support the strong influence of correlation effects, in particular related to Hund's exchange interaction. A recent compilation of such data was published in Ref. [12] . The effective masses show a remarkably large variance: e.g. the effective mass of KFe 2 As 2 varies between 2 and 19. There are several reasons for these uncertainties: (1) the derived effective masses are related to the theoretical values of the bare mass, usually taken from a DFT band structure calculation, (2) there are several ARPES studies [13] [14] [15] [16] [17] indicating that the mass renormalization is energy dependent (enhanced at low energies), which for methods covering different energy ranges, leads to different values for the effective mass.
Recently, ARPES studies of electron doped FeSCs on the scattering rate or the lifetime broadening Γ(E), equal to twice the imaginary part of the self-energy Σ(E), have been presented by several groups [16, [18] [19] [20] [21] [22] . To our knowledge, no studies of the energy dependence of Γ(E) in hole-doped FeSCs exist in the literature. Besides the orbital dependencies of the scattering rate, the temperature dependent crossover from coherent quasiparticles to incoherent charge carriers is believed to provide support for a new metallic phase which was dubbed Hund's metal [4] . Ref. [8] theoretically predicted that the regime should be associated with a characteristic energy dependence of the lifetimes of elementary excitations, in particular not following the parabolic behavior that is a hallmark of the Fermi liquid. Within a model context, such behavior was investigated within high-precision renormalization group techniques in Ref. [23] In this contribution we use ARPES to study the scattering rates in the hole doped "122" ferropnictides K x Ba 1−x Fe 2 As 2 and K x Eu 1−x Fe 2 As 2 and compare the results with those derived from our previous ARPES experiments [16, 18, 24, 25] on electron doped compounds. The essential result of the present study is that the linearin-energy non-Fermi-liquid scattering rates in the hole doped compounds are considerably higher than in the electron doped compounds. We ascribe the large scattering rates in the hole doped compounds, different to the cuprates, to the proximity to a compound with a 3d 5 configuration in which, similar to Mn compounds, Hund's exchange interaction J H is important for the correlation effects. The ARPES results are in qualitative agreement with our calculations in the framework of DFT combined with dynamical mean-field theory (DMFT).
Experimental. Single crystals were grown using the self-flux technique and characterized by transport and thermal properties measurements [26, 27] . ARPES measurements were conducted at the 1 . The use of polarized photons allows the selection of spectral weight with a specific orbital character by matrix element effects [28] .
Theoretical. We have performed combined density functional dynamical mean field theory ("DFT+DMFT") calculations [29, 30] using the DFT+DMFT implementation of Ref. [5] .
We have chosen the Local Density Approximation (LDA) to the exchange-correlation functional, and Hubbard and Hund's interactions obtained from the constrained random phase approximation (cRPA) [31] in the implementation of Ref. [32] . The cRPA calculations [33] yield F 0 = 2.6 eV, F 2 = 6.2 eV and F 4 = 4.7 eV corresponding to a Hund's rule coupling of J H = 0.8 eV. Calculations were performed at an inverse temperature of 100 eV −1 , corresponding to 116 K. The DMFT equations were solved using a continuous-time Quantum Monte Carlo solver [34] as implemented in the TRIQS package [35] , followed by an analytical continuation procedure using the maximum entropy algorithm [36] .
Results. In the present contribution we focus on the scattering rates of charge carriers from hole pockets and in particular from the inner hole pocket. The reason for this is that in the previous studies of electrondoped and P substituted compounds, Γ(E) was found to be strongest for the inner hole pocket [16] . Moreover the superconducting gap is largest for the inner hole pocket [37, 38] . In Fig. 1 we show representative data of the spectral weight of the inner (a) and the middle hole pocket (b) near the center of the BZ of optimally doped K x Ba 1−x Fe 2 As 2 x = 0.4 with a superconducting transition temperature T c = 30 K. Along this direction the inner hole pocket has predominantly Fe 3d yz character, while the middle hole pocket has predominantly Fe 3d xz character [16] . The inner hole pocket is measured in the normal state to avoid the influence of the superconducting gap. For the middle hole pocket we present data in the superconducting state to show the Bogoliubov-like back dispersion near the Fermi level. The intensity of the outer hole pocket with predominantly Fe 3d xy character is very weak in this compound because bands with this orbital character exhibit the highest elastic scattering rates [39] .
Similar ARPES experiments were performed at T =1 K on the slightly overdoped compound Ba(Fe 1−x Co x ) 2 As 2 x = 0.075 (T c = 22 K) for the inner two hole pockets near Γ which were already presented in previous publica- tions [18, 24, 25] . Also in this compound only the inner two hole pockets are visible at the Γ point but not the outer one.
We have analyzed the ARPES data by a new method using a two-dimensional fit of the measured spectral function A(E, k) [11] . In this way we derived the dispersion, approximated by a polynomial and Σ(E). We have avoided to use one of the standard evaluation methods. The first method consists in fitting cuts at constant energy (the momentum distribution curves MDCs) by Lorentzians. To obtain the scattering rates Γ(E) the widths in momentum space are multiplied by the renormalized velocity. As shown in the Supplement information [11] the method is only correct for dispersions with small curvatures and for a small energy dependence of Σ. In the second method the MDC widths are multiplied by the bare particle velocity to derive Σ for the coherent part of the spectral weight. This is correct for systems in which the coherent spectral weight is well separated from the incoherent spectral weight and is mainly located in satellites [10, 40, 41] . As will be shown below, in the ferropnictides as well as in other correlated systems such as the cuprates, even near the Fermi level, a large part of the spectral weight is incoherent and therefore it is only possible to derive Γ(E) or Σ(E) from the sum of coherent and incoherent charge carriers. Using our new evaluation method we also avoid having to account for the bare particle velocity that is in principle unknown and which is usually taken from DFT calculations.
In this way we obtain Σ(E, k) for the two inner hole pockets of K x Ba 1−x Fe 2 As 2 x = 0.4 and Ba(Fe 1−x Co x ) 2 As 2 x = 0.075, depicted in Fig. 2 . In certain energy ranges Σ can be described by a linear-inenergy relationship Σ = α+βE. At low energy the data are limited by the finite energy resolution (≈ 4 meV), by thermal excitations for data taken at finite temperature in the normal state (see Fig. 2(a) ), for measurements in the superconducting state by three times the superconducting gap ∆ (for K x Ba 1−x Fe 2 As 2 x = 0.4 ∆ ≈ 6 meV), and for bands which are separated from the Fermi level by a gap E g by 2E g (for the slightly overdoped Ba(Fe 1−x Co x ) 2 As 2 x = 0.075 E g ≈ 25 meV). On the high-energy side, the data are limited by the crossing of other bands. The constant term α is due to elastic scattering of the charge carriers, e.g. by the dopants or by contamination of the surface. The coefficient β of the linear term, absent in a normal Fermi liquid, is however a strong indicator for the strength of correlation effects. For the hole doped compound we derive β values of 1.7 and 0.5 for the inner and the middle hole pocket, respectively. Similar values for β have been obtained for K x Eu 1−x Fe 2 As 2 x = 0.55 (β = 1.8 and 0.7 for the inner and the middle hole pocket, respectively). For the electron doped compound Ba(Fe 1−x Co x ) 2 As 2 we obtain β values of 0.8 and 0.3 for the inner and the middle hole pocket, respectively. These β values are similar to those derived for the electron-doped compounds NaFe 1−x Co x As and NaFe 1−x Rh x As [16] .
Discussion. The linear-in-energy increase of Σ(E) signals no evidence for a coupling to bosonic excitations. If e.g. phonons would determine Σ, a step like increase should be observed at the phonon energies close to 40 meV [40] . Moreover, similar to the electron doped and the P substituted systems [16] , no kinks are observed in the dispersion of the hole doped compound K x Ba 1−x Fe 2 As 2 .
On the basis of phase space arguments it is easy to understand that due to the Pauli principle, in a normal Fermi liquid the scattering rate should be proportional to E 2 [41] . Various ways of reaching non-Fermi liquid regimes have been discussed in the literature. In [17] , it was argued that the correlation induced enhanced phase space for electronic excitations could lead to a linear-in-energy increase of the scattering rates. When the height of the Fermi edge in the momentum distribution, which determines the renormalization factor Z and the percentage of the coherent quasiparticles approaches zero, a marginal Fermi liquid is reached [11, 42] and Σ becomes linear in energy. In this case dispersions ob-served in ARPES experiments should not be mistaken for a quasiparticle dispersion. The same is true for the Hund's metal regime discussed below.
Generally the validity of the quasiparticle description was defined in the following way [43] : The time dependent wave function of a photoelectron hole can be written Ψ(r, t) = Ψ(r)exp(− iEt )exp(− Γt ). This leads to a wave function which is in a certain time region similar to a free particle only when the phase iEt goes through many multiples of 2π before the wave function has decayed by an appreciable amount. Thus the region in which quasiparticles are defined is determined by Γ E 2π. Using Γ = 2| Σ| = 2βE and the observed β values between 0.5 and 1.7 shows that Γ E is between 1.0 and 3.4 which is not much smaller than 2π. Thus the charge carriers in the hole pockets are close to be incoherent or are completely incoherent, as in the hole doped compounds. Therefore it makes no sense to separate the spectral weight into coherent states (proportional to Z) and incoherent states (proportional to 1 − Z). It also makes no sense to compare our data with normal state transport properties, since those are related to less correlated charge carriers stemming from other sections of the Fermi surface. Nevertheless the large superconducting gap in the inner hole pocket [37, 44] signals that the electrons in that pocket contribute to the superconducting pairing. Finally we emphasize that the reduced slope of Σ at low energies in the upper curve of Fig. 2 (a) does not indicate a Fermi liquid behavior at low energies. Rather it is caused by the finite energy resolution, by an elastic scattering term α ≈ 12 meV, and a finite Σ at zero energy but at finite temperature, which in a marginal Fermi liquid model amounts at 40 K to ≈ 7 meV [11] .
It is interesting to compare the present data with results derived on the cuprates. ARPES experiments on Bi 2 Sr 2 CaCu 2 O 8 along the nodal directed derived a β value of 0.75 which also signals the incoherent character of the charge carriers in these compounds [45] . Finally calculating the mean-free path l of the charge carriers from the relation l = v Γ in the FeSC's and cuprates leads to unphysical values below 1 Å.
The difference between the scattering rate of the inner hole pocket and the middle hole pocket has been predicted by theoretical calculations [46, 47] and were compared with experimental data for the electron doped and P substituted compounds [16] . This difference is caused by the fact that the scattering rates between sections having the same orbital character is larger than those between sections having different orbital character.
To obtain deeper insights into the nature of the nonFermi liquid regime in the present case and to derive an at least semi-quantitative comparison of the experimental results with theory we have performed calculations in the framework of DFT+DMFT. The results are consistent with the expectation of a highly doping-dependent incoherent state [8] based on the "spin-orbital separation" scenario [23] induced by Hund's coupling [48] : while in a half-filled system J H increases the Mott gap, the inverse is true at all other commensurate fillings [49, 50] , making the scattering rates strongly doping dependent as predicted in [8] .
Results for the calculated Σ(E) are presented in Fig.  3 . For the hole-doped compound, at higher energies, an almost linear-in-energy non-Fermi-liquid behavior with β ≈ 0.9 is realized. One should notice that DFT+DMFT averages the scattering rate for a given orbital character over the hole BZ, while in the present ARPES experiment only one particular direction was analyzed, along which the orbital character of the inner and the middle hole pocket is dominated by yz and xz states, respectively . Thus the DFT+DMFT calculation should be compared with the average value of the inner and the middle hole pocket from ARPES. The calculations for the electrondoped system yield scattering rates which are strongly reduced. At high energies the calculations can be described by β ≈ 0.14, much smaller than the measured ones. This could indicate that the theoretical calculations still underestimate the correlation effects in these compounds.
Summary. Our study of the scattering rate of the charge carriers from the two inner hole pockets in holedoped and electron-doped iron-based superconductors reveal a non-Fermi-liquid behavior in a large energy range. The incoherence of the charge carriers increases when going from the electron to the hole doped systems. The present experimental results underline the importance of Hund's exchange interaction for the correlation effects in hole doped FeSCs with a 3d count close to five. The comparison with DFT+DMFT calculations yields almost quantitative agreement for the hole-doped compound.
